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-; -~ * determining the level of conramimtion in the area’s atmosphereThe progra.mme, -...-3.

in order to establish the risk of inhalation for people living in and cultivating the area, has

been carried out on a continous basis, ever since the remedial actions were concluded (9).

For this purpose sampling stations were put in place, as shown in figure 2, and were referred

to as 2-1, 2-2, P and 3-2, according to where they were located in the three reference zones

that had been established. All of them were started up in 1966. Stations 2-2 and P have been

taking air samples continuouslysince 1966. Stations 3-1 and 2-1 finished sampling in October

1969 due to problems regarding electricity supply. Sampling in station 2-1 began once more

in 1984 on account of the interest prompted by its locations.

The air sampies were collected until 1981 on celluiose filters with a diameter of 74 mm..

placed at a height of 1.70 m. They were changed on a daily basis and corresponded to an

average air volume of 90 m3 every 24 hours.

In January 1981 (6) the sampling systems were replaced by others with a greater aspiration

capacity with have made it possible to collect aerosols corresponding to 10,000 m3per week

on asbestos filters with a surface area of 500 cm2.
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All these air samples took in all existing aerosol particles, and their direct correlation with

the risk of inhalation implied an overestimate of the risk. For this reason, in April 1987,

stations P and 2-2 were provided with a sampling system which, since then, has made it

possible to collect on the asbestos filter particles of a size of under 10 pm and which

constitute tAeredly inhalable fraction. The average concentration values for Pu-239 + Pu-240

corresponding to each of the sampling stations during each of the years included in the period

between 1966 and 1990 are specified in table 3.

0 1 ‘or 1936 and 1987 were due to the hg mvexmm andThe highest vtides in station .- I ,

removal of soil made at that time in area 2-1 to build an irrigation dawn and pool.

Calculation of the inhalation risk to people based in a cronic intake aiong the period 1960-

1990 (6j for adults who iive in the urban zone and the people in ‘he cultivxed zone wit~ the

greatest potential risk, station 2-2, and mean aerosol size (AMAD) of lpm have been done.

Dose conversion factors of ICRP 30 were used. Under these considerations, the potentia!

committed dose equivalents for the five main organs (bone surface, lungs, liver, red bone

marrow and gonads) are shown in table 4.

Taking in consideration the ICRP 26 weighting factors for these five organs, the total

potential committed effective dose equivalent to people during the 24 years period 1966-1990

is 0.21 mSv in he urban zone and 1.97 mSv in the zone which corresponds to the criticai

group.

4.3 VEGETATION

The activities carried out under the Surveillance Programme with respect to vegetation have

been aimed from the very beginning at ascertaining the level of plutonium contamination in

both cultivated and wild plants growing in the area, specially as regards their edible parts

(10). Since 1983 tests have also been carried out in order to determine the levels of

americium contamimtion.
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Until 1978 the plants

contamination, in other

were collected from the same plots chosen for studing soil

words, the six study plots shown in figure 1 with the reference

numbers 2-1,2-2, 5-1, 5-2, 3-1 and 3-2. Due to the fact that, for various reasons, these plots

were not cultivated every year, it was decided in 1978 to extend the plant-sampling process

to the areas close to these plots. In recent years some crop-growing in the area has taken

place in greenhouses, specially for tomatoes, cucumbers and peppers, and so it was decided

also to take samples of plants grown in greenhouses in order to ascertain the differences that

might result from enclosed cultivation systems.

So as to give an idea of the size of the plant monitoring programme, about 2000 has been the

number of samples taken between 1966 and 1991. In general, each sample corresponds to a

wet weight of at least 3 kg.

Tabie 5 shows the concentration values of Pu-239 + PI1-240 in the various plants grown in

the area for the period 1966-1986 and with are typical Mediterranean products. The results

obtained in the same crops for the period 1986-1991 does not modified in a significative way

the average values.

Studying the results of the plutonium concentration in the plant samples, with most of the

contamimtion affecting the parts with the greatest surface area or with a rough surface, and

with a high degree of inhomogeneity among plants growing in the same area, led us to

conclude that the contamination process is not due, in the vast majority of cases, to absortion

through the roots. External contamination is predominant and, as a result, resuspension

processes are an important factor (11).

The wild vegetation in plot 2-1, which is the nearest to point of impact 2 and which was

decontamimted with manual tools on account of the nature of the soil, as well as the

vegetation collected around this plot and in the so cakd 2-O zone, has shown plutonium

contam.imtion in practically all the samples that have been taken. The highest concentrations

have been found in esparto grass with average vaiue of 0.6 kBq kg ‘i but having large

deviations.
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Individual and collective effective committed doses by the direet ingestion way can be

estimated from these values, choosing the tomato as the most representative food produced

and consumed in ‘thearea.

The maximum individual dose (consumption of tomatoes with the maximum Pu concentration

obtained of 1.05 Bq kg-[) results in 7@3vpr year. However a more realistic value would be

1@Svper year taking into account an averaged consumption of 24 kg per person and year

(10) and a Pu activity of 0.15 Bq kg-l (mean value obtained considering only ‘positive”

values’).

Based on the data of productivity in the area of 80.000 kg of tomatoes per Ha and the above

mentiomed Pu-concentration vaiue of 0.15 Bq kg-l a collective dose of 3.4 x 10-3man-Sv per

Ha is obtained. These results are of negligible importance and demonstrativeof the adequacy

of intervention.

Doses by indirect ingestion ways as the consumption of meat and milk from animals feeding

in the area are significantly lower.

4.4 PEOPLE

The surveillance programme on human beings (12) was set up for the purpose of providing

a direct estimate of the level of internal plutonium contamination affecting the inhabitants of

Palomares as a result of their subsequence remaining and carrying on their activities in the

area.

This undertaking was planned for a long period of time, equivalent to the average life span

of the people living in the area, and is aimed at monitoring all the inhabitants of Palomares.

Internal eontamimtion measurements and clinicai/medieal examinations are performed on

those people who undergo annual testing.

Testing on people was begun in 1967 and, since 1975, has been peformed annually, without

a break, on approximately 150 people per year.
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Measuring internal contamimtion in human beings used to be done by means of direct

plutonium contamimtion measurements on the lungs, using a specific lung counter, and by

determining the excretion of plutonium in the urine. Owing to the fact that the lung counter

failed to detect -in any person-an amount of plutonium higher than the detection limit of 814

13q,these measurements have not been carried out on a routine basis since 1988, and are only

performed on pople being tested for the first time. The counting facility was included in a

international calibration study several years ago. Between 1966 and 1990 a total of 1,190

measurements have been performed on 769 persons.

Since 1985 everyone has been tested for Am-24 1 excreted in the urine (6).

Table 6 gives the figures showing the size of the surveillance programme on human beings.

both as regards the people as a whole and on an individual basis, for the period 1966-1989.

The results of the excretion of Pu-239 t Pu-240 in the urine, obtained by means of the

radiochemical analyses performed for the period 1966-1991, are set out in table 7.

Determination of the activity of Plutonium intake through inhalation was done on the basis

of the values of excretion in urine on the date of the sample (13), by means of the method

developed by K.Eckerman in the Oak Ridge National Laboratory, This method is based upon

the metabolic intake and pulmonary distribution model of the ICRP and on the urinary

excretion model of Langham modified by W. Moss (14) in Los Alamos National Laboratory.

In the case of those people who have had Pu measurements in urine higher than the MDA,

it was considered that their MDA values were positive and with a value equal to the limit.

Calculation of the committed effective dose equivalent was done by means of the Sv/Bq

conversion factors recommended by the IC2P publication 30 in order to calculate the weihted

committed dose equivalent for the most important organs ftom the point fo view of their

contribution to the committed effective dose equivalent.

The estimation of the committed effective dose equivalent was carried out on the 55 people

who were considered really to have suffered internal contamination, by making a rigorous

study, for each of them, of the Pu values in urine, the possibility of extrnal contarnimtion of
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